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(54) Multi-function air data sensing probe having an angle of attack vane 



(57) A nnulti-f unction air data sensing probe has a 
strut that is mounted on an aircraft and extends laterally 
from the aircraft skin. The strut is supported on a base 
plate, and has a pitot pressure sensing tube at the outer 
end thereof, with a pitot port facing upstream, and also 
includes a passageway for total air temperature sensor 
including a fonwardly facing inlet scoop that leads to a 
chamber in the strut that is laterally offset from the inlet 
scoop so that flow changes direction as it enters the 



chamber. The surface defining the change of direction 
between the scoop and the chamber is provided with 
bleed holes for bleeding off boundary layer air. A vane 
type air data sensor is mounted on a shaft that rotates 
freely and is supported on the strut, and is positioned to 
sense the relative air flow past the strut to determine 
changes of relative angles of such airflow. In addition, 
the strut has static pressure sensing ports on lateral 
sides thereof leading to a separate chamber on the in- 
terior of the strut. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a multi-func- 5 
tion probe for mounting on air vehicles which Incorpo- 
rates a plurality of air data sensors in one probe body, 
including a vane type angle of attack sensor to reduce 
the number of projecting struts and probes from an air 
vehicle surface, thereby saving weight, and reducing io 
drag. 

[0002] In the past, multi-function probes that sense 
pressure parameters comprising static pressure, pitot 
pressure, and total temperature, have been advanced. 
These probes also included ports that were located so is 
that angle of attack could be detemilned due to pressure 
differentials at the selected ports. 
[0003] U.S. Patent No. 5.731 ,507 discloses an air da- 
ta sensing probe that senses pitot pressure, and static 
pressure, and include a total temperature sensor. The 20 
probe disclosed In this patent also has angle of attack 
pressure sensing ports that are located on a common 
plane on opposite sides of the probe. Angle of attack is 
determined by pressure differentials at such ports. 
[0004] Angle of attack sensors that have a vane 25 
mounted to pivot on a cylindrical probe about an axis 
generally perpendteular to the central axis of the probe 
are known. For example, U.S. Patent No. 3,882,721 il- 
lustrates such a vane type sensor mounted directly to 
the skin of an air vehicle. 30 
[0005] A total air temperature measurement probe us- 
ing digital compensation circuitry Is disclosed In U.S Pat- 
ent No. 6,543,298, the disclosure of which is Incorporat- 
ed by reference. 

35 

SUMMARY OF THE INVENTION 

[0006] The present invention relates to an air data 
sensing probe assembly that includes a plurality of air 
data sensors integrated into a single, line replaceable 40 
probe unit. The probe has a low drag strut or support 
housing supported on an air vehtele surface and project- 
ing laterally into the air stream. The strut supports a pitot 
pressure sensing tube or head, a total air temperature 
sensor with associated ducting in the stmt, as well as 45 
statk: pressure sensing ports on the side surfaces of the 
probe. The strut further mounts a rotatable vane angle 
of attack sensor. Thus, pitot pressure (P^), static pres- 
sure (Pg). total air temperature (TAT), and angle of at- 
tack (AOA) are alt measured in a single unit. so 
[0007] The probe assembly provides the benefits of a 
vane type angle of attack sensor, but does not require 
calculations based on sensed differential pressures, al- 
though, as disclosed, sensed differential pressures are 
available for redundancy. A rugged probe that will accu- ss 
rately sense pressures and also provide accurate and 
reliable angle of attack indrcations Is provided. 
[0008] The sensors are anranged so there Is little in- 



terference with the inlet scoop for the total temperature 
sensor passageways. Additionally, an air data computer 
is mounted directiy to the mounting plate for the air data 
sensor probe assembly so that all sensors, signal con- 
ditioning circuits, and all cateulatlons along with the nec- 
essary readout signals can be provided from a single 
package that can be easily removed and replaced for 
service. In other words, the multi-function probe is a 
smart probe that provides all needed air data informa- 
tion for high perfomnance aircraft. 
[0009] On-board processors also can be used for the 
calculations, if desired. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] 

Figure 1 is a front perspective view of a multi-func- 
tion probe made according to the present invention 
In place on a side of an air vehicle; 
Rgure 2 Is a sectional view of the multi-function 
probe taken along line 2-2 in Figure 1 ; 
Figure 3 is an enlarged sectional view of the probe 
assembly along line 2-2 with parts removed and 
partially broken away; 

Rgure 4 is a sectional view taken on line 4-4 In Rg- 
ure 2; 

Figure 5 is a sectional view taken on line 5-5 In Rg- 
ure 2; and 

Rgure 6 Is a sectional view taken as on line 6-6 in 
Figure 2. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0011] A multi-function probe assembly indicated 
generally at 1 0 includes a strut 1 2 that is generally airfoil 
shaped in cross section as shown In Figures 4-6. The 
strut 1 2 is supported on a mou nting plate 1 4. The mount- 
ing plate 14 in tum is adapted to be mounted in place 
on the skin of an aircraft 1 6. 

[0012] The multi-function probe strut 12 supports a 
multi-function sensing head assembly 18 at its outer 
end. This head assembly 18 includes a pitot pressure 
sensing tube 20 which has a forward pitot pressure 
sensing port 22, and as can be seen in Figures 2 and 3, 
the tube has an Interior passageway 24 In which a suit- 
able de-icing heater 25 is mounted. 
[0013] The base end of the pitot sensing pressure 
tube Is open to a chamber 27, and a tube or line 26 
opens to the pitot pressure chamber 27. The tube 26 
passes through provided openings and across a cham- 
ber 28. The tube 26 is connected to a pitot pressure sen- 
sor 29 in an instmment or circuitry package indicated 
generally at 30 (Figures 1 and 2). 
[0014] The sensor head assembly 18 is supported 
sufficiently outward from the aircraft skin 1 6, so it is out- 
side a boundary layer of air on the skin, and is In sub- 
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stantially free stream conditions, insofar as airflow past 
the probe is concerned. The airflow direction is indicated 
by arrow 32. The pitot pressure sensing port 22 faces 
upstream. 

[001 5] Adjacent to and below the pitot pressure sens- 5 
ing tube 22, the sensor head 1 8 has a duct 34 compris- 
ing a total air temperature sensor inlet scoop with a wide 
inlet scoop opening 36 facing upstream. It can be seen 
that this inlet scoop opening 36 is positioned outside the 
boundary layer of air on the aircraft skin. io 
[0016] The du<^ 34 fomis a curved flow path providing 
inertial separation of large particles from the air stream. 
The duct 34 is shaped to cause part of the air flow to 
tum substantially 90 degrees around a rounded surface 
of a wall portion 38. The wall portion 38 Is provided with is 
openings 37 to bleed off the boundary layer air into a 
cross channel 39 prior to where the flow enters a flow 
throat 40 that leads to chamber 28 in which a total air 
temperature sensor 44 is mounted. The boundary layer 
bleed air passing through openings 37 is discharged lat- 20 
eralty through side openings that bleed or exhaust air 
from cross channel 39, as shown in Figures 1 and 2. 
[0017] The total air temperature sensor 44 is prefera- 
bly a sealed platinum resistance element in an outer 
case 44A through which the air from throat 40 flows as 25 
shown in Figures 4 and 6. The outer case 44A for the 
total temperature sensor is tubular, as is an outer shield 
44B, as shown In Figure 3. The outercase 44A and outer 
shield 44B have outlet openings 44C and 44D (see Fig- 
ure 6) so the air flowing past the total air temperature 30 
discharges into chamber 28 and out a rear port 42, 
which is at a lower pressure region, such as at the rear 
of the strut. Any suitable known total air temperature 
sensor can be used. The temperature sensor 44 is con- 
nected to read out circuitry 45 In the Instrument package 35 
30. 

[001 8] The cu wed wall 38, and the flow of part of the 
air into throat 40, results In inertial separation of larger 
particles, such as liquid particles, so that part of the air 
flow, and the larger particles, enter a discharge pas- 40 
sageway 41 (Figure 6) that open to a lower pressure 
region of the strut through one or more ports 41 A. The 
air that enters passageway 41 , as shown, discharges 
toward the rear and laterally of the sensing head 1 8. The 
ports 41 A are positioned so the air being discharged -^5 
does not affect other measurement or sensing functions 
of the probe. 

[0019] Static pressure sensing ports 50A and 508 
(Figures 1 and 5) are provided on the top and bottom 
walls of the strut 1 2 The ports 50A and 50B open to pas- so 
sageways 51 A and 518 in the stmt (Figures 5 and 6). 
The passageways 51 A and 51 8 are connected to sep- 
arate pressure sensors 53A and 53B in the instrument 
package 30 (see Figures 5 and 6), and static pressure 
will be sensed as the probe moves with the aircraft ss 
through an air stream. Thus, the pressure signal from 
each portSOA, 508 are individually provided as electri- 
cal signals, and the signals can be averaged, as well as 



subtracted, for calculation of angle of attack, if desired. 
[0020] In order to provide a direct and primary meas- 
urement of angle of attack of an aircraft on which probe 
1 0 is mounted, a vane type angle of attack sensor 52 is 
provided. The ability to cateulate angle of attack from 
pressure measurements provides redundancy of meas- 
urement, and can provide supplemental information. 
[0021] The sensor 52 includes a vane 54 mounted on- 
to a hub 56, which in tum is attached to a shaft 58. The 
shaft 58 is mounted in suitable bearings 60, for free ro- 
tation about the shaft axis. The inner end of the shaft 58 
extends into the instrument package 30 on an interior of 
the aircraft and is coupled to a conventional angle re- 
sotver 62 that senses the rotational movement of the 
vane 54 about the axis of the shaft 58 to detemnlne 
changes in the vane angle relative to the strut 12 and 
aircraft. The changes in vane angle result from changes 
in the angle of attack of the air vehicle or aircraft 1 6. The 
strut 12 is fixed to the aircraft, and the shaft 58 rotates 
in the strut 12 as the relative angle of attack changes. 
[0022] The instmment package 30 includes the angle 
resotver 62 coupled to the shaft 58, and suitable readout 
circuitry, used on existing angle of attack vanes. This 
can be any desired type of angle resolver, such as that 
shown in the prior art, and known in the trade. 
[0023] The other circuit components making up the in- 
strument package 30 comprise circuit boards of cards 
mounted on standoff posts 66, that are attached to the 
strut mounting plate 1 4. A circuit card that has solid state 
pressure sensors for sensors 29, 53 and 538, as well 
as the angle resolver circuit card 70 for the resolver 62. 
The pressure sensing condition circuitry can also be 
mounted on one or more of these circuit cards. 
[0024] Various other circuit cards can be included, 
such as those shown at 72 for providing the necessary 
power supply, heater controls, and communication cir- 
cuitry. The circuits connect through a single fitting 74 to 
an onboard computer 76, or, alternatively directly to air- 
craft controls 78. In addition, a processor 79 for comput- 
ing and compensating outputs may be provided in the 
circuit package 30. In such case, processor 79 can re- 
place or supplement the on-board computer 76. The in- 
strument package 30 and probe assembly are remova- 
ble and replaceable as a unit. 
[0025] The leading edge 80 of the stmt 1 2 has a suit- 
able de-icing heater, such as a conventional resistant 
wire heater 82, embedded therein. Because of the 
mounting of the probe assembly, and the size of the 
probe assembly, the overall power needed for de-k;ing 
the probe Is reduced compared with the power needed 
to de-ice separate pitot, pitot-static and angle of attack 
probes. A bore 81 in the stmt 1 2 can be used for mount- 
ing a cartridge heater, if desired to supplement or re- 
place the wire heater 82. It should be noted that the an- 
gle of vane 54 can have solid state de-icing heaters in- 
stalled therein, such as the positive temperature coeffi- 
cient heaters 83 shown in Figure 3. 
[0026] The leading edge 80 of the stmt is shown at 
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substantially a right angle to the skin 16 of the aircraft, 
but it can be swept rearwardly slightfy. The trailing edge 
also can be inclined, if desired. The shaft 58 has an axis 
of rotation that is preferably substantially perpendicular 
to the aircraft skin 16, and preferably perpendknjiar to s 
the direction of air flow 32. 

[0027] The angular readout from the resolver 62 used 
with the vane type angle of attack sensor 52 provides a 
measurement of local angle of attack, which can be cor- 
rected by suitable algorithims, as is well known. Such io 
correction can take place in the memory of processor 
79 in instrument package 30. to provide actual angle of 
attack. Wind tunnel tests can be used for determining 
the con-elation between the local angle of attack as 
measured, and the actual angle of attack, and provided 15 
in a lookup table in the memory of the processor 79 or 
computer 76, or both. 

[0028] The angle of attack that is measured by the 
vane (AOAn,) can be corrected to provide the true angle 
of attack of the probe (AOAp) by provkiing constants that 20 
relate to the configuration of the aircraft and the probe 
on whbh the vane is mounted. The general equation is 
as follows: 

(1) AOAp = a(AOAJ^b 

a and b are constants derived from wind where a 
tunnel tests, and b is usually equal or very close to 0. 
[0029] The measurements of pressures on the multi- 30 
function probe disclosed also provides for systematic 
corrections for pitot pressure (Pj); static pressure (Pg), 
and total air temperature (TAT). Equations can be ex- 
pressed as follows: 

35 

(2) Pt=(0(Ptn/Psm»AOAp) 

(3) Ps = (f)(PtJPsm.AOAp) ^ 

(4) TAT = (f) {P^P^. AOAp, TAT^) 

f indicates function of: 45 

P, = total pressure 

Pt^ = measured total pressure 

P3 = local static pressure 

Psm = rrieasured static pressure 

AOAp - probe angle of attack (in degrees or radi- so 

ans) 

TAT = total air temperature 

TATn, = measured total temperature 

AOAf„ = measured probe angle 

55 

[0030] Additionally, angle of attack can be cateulated 
by utilizing the pressures at the ports 51 A and 51 B, 
which pressures are individually sensed for providing 



separate electrical signals. The cateulations are carried 
out in the well known manner that is used where static 
pressure sensing ports are provided on opposite skies 
of a cylindrical barrel type probe mounted on a strut. The 
probe angle is a function of the differential pressures be- 
tween ports 51 A and 51 B. Designating the port 51 B as 
P^ and port 51 A as P2, the differential pressure is ex- 
pressed as: 

(5) * = Pi - P2 

[0031] The angle of attack of the probe is expressed 

as: 



(6) dp=iri^M 



Where q^=Pfr„-P^ 
[0032] The correction or scaling factors to solve the 
equations can be provided by lookup tables in the proc- 
essor 79. The necessary scaling factors can be provided 
by wind tunnel tests for the particular aircraft construc- 
tion. 

[0033] Reference is made to U.S. Patent No. 
6,543,298, which is incorporated by reference, forshow- 
ing digital corrections for the measured total air temper- 
ature. 

[0034] The multi-function probe includes a total air 
temperature sensor design that provides accurate total 
air temperature measurements in a robust probe. The 
air flow path to chamber 28 provides water and particle 
droplets separation from the air flowing by the total tem- 
perature sensor The positioning of the temperature 
sensor in the probe minimizes the de-icing power re- 
quired, and this minimizes the heating error that may be 
introduced to total air temperature sensors. The location 
of the scoop inlet opening for the total air temperature 
sensor, and the design of the flow passage, insures ac- 
curate perfonnance. 

[0035] The probe assembly 1 0 is a stand alone probe 
design, and is easier to service and replace. The pitot 
tube is maintained in a known position relative to the air 
stream past the air craft, and it has the ability to accu- 
rately measure the pitot pressure. 
[0036] The incorporation of a vane angle of attack 
sensor as part of the multi-function probe avoids possi- 
ble port clogging problems that can occur where only 
pneumatic signals are used for calculating angle of at- 
tack, and provides for high reliability. Angle change dy- 
namic response is also high since the vane is positioned 
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at the outer end of the strut, outside of boundary layer 
air and other influences caused by the aircraft surface. 
[0037] The shaft 58 for the angle of attack sensing 
vane 54 passes through a bore 90 (Figure 3) that is larg- 
er In diameter than the shaft. This bore can be filled with s 
a suitable damping fluid 91 , such as a viscous oil, if de- 
sired. The viscous material will dampen flutter or oscil- 
lations of the vane. 

[0038] The pitot tube 20 remains oriented in a fixed 
position on the strut. The vane 54 can move without af- io 
fecting the position of the pitot tube. 
[0039] Although the present invention has been de- 
scribed with reference to preferred embodiments, work- 
ers skilled in the art will recognize that changes may be 
made in fonn and detail without departing from the is 
scope of the invention. 



Claims 

20 

1 . A multi-function air data sensor probe for sensing a 
plurality of air data parameters comprising a pitot 
pressure sensing port at an outer end of said probe, 
a total air temperature sensor in said probe, at least 
one statb pressure sensing port on said probe, and ^5 
a rotatably mounted angle of attack sensing vane 
mounted on the probe for rotation about an axis op- 
erated to indcate relative air flow direction past the 
probe. 

30 

2. The multi-function air data sensor probe of Claim 1 , 
wherein said static pressure sensing port is posi- 
tioned on a lateral side of the probe, and is in fluid 
communication with a passageway on the interior 

of the probe and a pressure sensor in fluid commu- 35 
nication with the passageway for measuring the 
pressure in the passageway. 

3. The multi-function air data sensor probe of Claims 

1 or 2, wherein the probe has a base end for mount- 40 
ing on an aircraft, and a self-contained instrumen- 
tation package mounted at the base end for instal- 
lation as a unit with the probe onto an aircraft with 
the instrument package on an interior of such air- 
craft. 45 

4. The multi-function air data sensor probe of any pre- 
ceding claim, wherein the probe comprises a strut 
that has a base end that mounts on the skin of an 
aircraft, the sensing vane being mounted on a shaft so 
supported on the strut with the shaft rotation about 
the axis, and an angle resolver connected to the 
shaft for determining changes in angle of the shaft 

as air flow past the strut changes the relative posi- 
tion of the sensing vane. ss 

5. The multi-function air data sensor probe of any pre- 
ceding claim, wherein the probe has a flow duct, the 



total air temperature sensor being mounted to be in 
fluid communication with the flow duct, an inlet to 
the flow duct comprising a forwardly facing air 
scoop, a wall surface defining portions of the scoop 
and flow duct and over which the air flows, and a 
plurality of openings in the wall surface to remove 
boundary layer air as the flow passes into the ftow 
dud, 

6. The multi-fun(^ion air data sensor probe of Claim 4 
or Claim 5 when dependent thereon, wherein the 
strut has upper and lower lateral sides, the at least 
one static sensing port comprising a first static pres- 
sure sensing port on the upper lateral side of the 
struts, and a second static sensing port on the lower 
lateral side of the strut, and a separate pressure 
sensor coupled to the respective first and second 
statk: sensing ports. 

7. An aircraft comprising the multi-function air data 
sensor probe of any preceding claim. 

8. A multi-function air data sensing probe having a 
base end mountable to an aircraft to extend laterally 
outwardly therefrom, an angle of attack sensor vane 
mounted on said probe and positioned at an outer 
end thereof and extending outwardly therefrom, 
said vane being pivotable about an axis generally 
perpendicular to a surface of an aircraft on which 
the probe is mounted, a sensorto sense an angular 
position of the vane relative to a reference, an outer 
end of the said probe having a pitot port facing up- 
stream relative to air flow past the strut, a fonwardly 
facing total temperature sensor inlet scoop fonmed 
on the probe, and spaced from the pitot port, said 
scoop leading to a ftow passageway that changes 
direction to direct flow into a first chamber, a total 
air temperature sensor in said first chamber, said 
first chamber having exhaust openings therefrom 
for pennitting air to flow through said chamt>er, sep- 
arate static pressure ports on side surfaces of the 
said probe between the base and the pivot port, and 
pressure sensors connected to separately sense 
pressures at the pitot port and the static pressure 
ports. 

9. The multi-function air data sensing probe of Claim 
8, wherein said inlet scoop directs flow over a sur- 
face of a wall having a plurality of openings there- 
through for bleeding boundary layer air through the 
openings to remove said boundary layer air prior to 
the ftow entering the first chamber. 

10. The multi-function air data sensing probe of either 
of Claims 8 or 9, wherein said pitot port is at an end 
of a tube, said tube being mounted on an outer end 
of said stmt and extending upstream beyond the In- 
let scoop for the total temperature sensor. 
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11. The multi-function air data sensing probe of Claim 
10, wherein probe includes a stmt between the 
base on the tube having the pilot port, a generally 
airfoil shape cross section, and wherein the static 
pressure sensing ports are on upper and lower s 
sides of the strut. 

12. The multi-function air data sensing probe of anyone 
of Claims 8 to 11, further comprising a processor 
including lookup tables for compensation of meas- io 
ured angle of attack, pilot pressure, and statto pres- 
sure to provide corrected angle of attack and pres- 
sure signals. 

13. The mufti-function air data sensing probe of Claim « 
12, wherein the processor is mounted in an instru- 
ment housing directly attached to a mounting plate 

for the probe. 

14. An aircraft comprising the multi-function air data 20 
sensing probe of any of Claims 8 to 13. 
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